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Reproductive Ecology and Growth of a Captive Population of Little
Colorado Spinedace (Lepidomeda vittata: Cyprinidae)

DEAN W. BLINN, JAMES WHITE, THOMAS PRADETTO AND JOHN O’BRIEN

The Little Colorado spinedace (Lepidomeda
vittata; Tribe: Plagopterini) is a small (= 138
mm total length) native cyprinid currently re-
stricted to north-flowing tributaries of the Little
Colorado River in Apache, Coconino, and Nav-
ajo Counties, Arizona. The species was original-
ly described from specimens collected from the
Little Colorado River near its headwaters in the
White Mountains of eastern Arizona (Wheeler,
1889). Although there were only four collection
records of L. vittata prior to 1939, Miller (1961)
suggested that this cyprinid was once abundant
in the Little Colorado River and its north-flow-
ing tributaries, and perhaps in the Zuni water-
shed south of Gallup, New Mexico.

Extensive surveys throughout the known
range of L. vittata during 1960 found only one
specimen of this cyprinid in Clear Creek, Ari-
zona (Miller, 1961); however, a large population
was found in East Clear Creek, during 1961
(Miller, 1963). Surveys conducted by Minckley
and Carufel (1967) in 1963 and 1966 found L.
vittata throughout its known range in Arizona;
however, populations declined again after this
period (Minckley, 1973). Due to a sporadic dis-
tribution and a reduction in numbers, L. vittata
was listed as threatened by USFWS in 1987 (U.S.
Fish and Wildlife Service, 1987. Recently, Blinn
et al. (1993) and Rinne and Alexander (1995)
demonstrated, by in situ cage experiments, that
predation by Oncorhynchus mykiss (rainbow
trout) may, in part, be responsible for the dis-
junct and sporadic geographic distribution of L.
viltata.

The limited information on L. vittata suggest-
ed that additional studies were needed to en-
hance our understanding of the general habitat
requirements and reproductive ecology of this
threatened native cyprinid. This study describes
the life history of a transplanted, captive popu-
lation of L. vittatain an earthen pond near Flag-
staff, Arizona, during 1994 and 1995. Our study
focused on spawning, growth, and the general
ecology of L. vittata.

MATERIALS AND METHODS

The Aboretum stream/pond is an earthen
pond located in Sinclair Wash, 6.5 km south-
southwest of Flagstaff, Arizona (elevation 2167
m; 35°9'N, 111°43'W). The pond is oval in
shape (38 m X 47 m, 125 m perimeter) with a
surface area of 1408 m? and a maximum depth
of 3.6 m. The stream (35 m long, 1-2 m wide,
= 0.25 m deep) is formed from recirculated wa-
ter pumped underground from the pond into
the stream which drains by gravitational flow
back into the pond. On 2 September 1992, 44
L. vittata were collected from Rudd Creek in
eastern Arizona (elevation approxmiately 2100
m) and introduced into the stream/pond. Total
lengths (TL) of fish ranged from 58 to 120 mm
(x = 85.9 mm; SE * 1.7, n = 44). The trans-
plants were estimated to be about one year old
based on subsequent growth measurements
taken in the pond. There were no fish in the
habitat prior to the introduction of L. vittata;
however, tiger salamanders (Ambystoma tigrinum)
were present.

Water temperature and dissolved oxygen
were measured at 20-cm intervals throughout
the water column with a YSI model 55 m at ap-
proximately biweekly intervals between April
and September 1994, bimonthly intervals be-
tween September 1994 and March 1995, bi-
weekly intervals from April to August 1995, and
monthly intervals from September to November
1995. Water temperatures were taken periodi-
cally under the ice each year. Water transpar-
ency (Secchi depth) was taken concurrent with
measurements of temperature and dissolved ox-
ygen. All measurements were taken between
1030 and 1400 h. Light energy was measured
with a Li-Cor Quantum Photometer (Model LI-
185B) throughout the day during spawning
events. Daily maximum and minimum air tem-
peratures were recorded by Arboretum person-
nel during 1994 and 1995.

Four gravel trays (0.5 X 0.5 m) were placed
along the pond shoreline (= 0.3 m in depth)
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during May and June of 1994 and the pond
shoreline and stream (n = 4 per habitat) during
the same months of 1995 to evaluate the im-
portance of gravel substrata in spawning. Ob-
servations were made on and around the trays
which were removed periodically and examined
for eggs. Observations on spawning were also
made in the stream/pond every 2-3 days during
May and June of 1994 and 1995.

The dimensions of 100 stones were measured
from random collections at five sites in the
stream where spawning occurred. Current ve-
locity was measured at each site (n = 5) with a
Marsh-McBirney electronic flow meter (Model
201) along with water depth (n = 5).

The entire shoreline (0—4 m from shore) of
the pond was seined (1.4 m X 5 m; 3.5 mm
mesh size) at weekly intervals from June
through September and on 11 November dur-
ing 1994. Seine collections were taken at tri-
weekly intervals between April and September
during 1995 and on 4 October and 3 November
1995. Fry and larvae (= 20 mm) were collected
with aquarium nets (17 X 25 mm; 1 mm mesh
size) during and after spawning to monitor the
modal size of each cohort. Standard and total
lengths and live wet weights were taken for each
fish, and sex and reproductive condition were
taken for adults. Wet weights (weighed within
30 sec after removal from water) were measured
to the nearest 0.01 g on a top loading balance
(Ohaus, Model CT 200-S) in the field. Larvae
were weighed to the nearest 0.001 g on an an-
alytical balance (Mettler, Model H20T) in the
laboratory. Males and females were considered
ripe when gametes were expressed with mod-
erate pressure to the abdomen (Synder, 1992).
Standard length to weight regression equations
were calculated for fish = 35 mm. Values were
log-log transformed, and the significant differ-
ence between regression equations for each sex
was tested by analysis of covariance (Zar 1984).

Vertical net tows (0.5 m net diameter, 250 pm
mesh) were taken in the pelagic (3 m, n = 10)
and littoral (= 0.5 m, n = 10) zones on 1 June
1994 to determine the distribution of larvae
and fry (= 20 mm) L. vittata in the pond.

RESULTS

No ripe L. vittata were observed in collections
taken during early April 1994 when tempera-
tures throughout the water column were < 13
C (Table 1). However, on 26 April over 58% of
the males (n = 54) were ripe, but no females
were gravid (n = 28). Temperature in the top
meter at this time averaged = 16.0 C (SE *
0.8), whereas the bottom 2 m averaged 8.2 C
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(SE = 1.2), and water transparency was low
(Secchi depth = 70 cm). The bottom 1 m of the
pond was anoxic and remained in that condi-
tion until late-September, whereas the top 2 m
averaged 8.5 mg/L (% SE 0.4) dissolved oxygen.
By 7 May, temperatures in the surface meter re-
mained at 16.0 C and rose to 13.8 C (SE * 0.6)
in the lower section of the pond. At this time,
75% of the males (n = 48) and 98% of the fe-
males (n = 22) were ripe (Table 1). Males were
ripe at ~ 70 mm in TL, whereas females were
normally not ripe until 80 mm TL. The highest
frequency of ripe females occurred during May
when temperature ranged from 16 to 18 C and
water transparency was < 100 cm (Table 1). The
reduced water transparency was caused by snow
melt inflow from Sinclair Wash. No ripe fish
were captured after early August even though
water temperatures were = 16 C throughout the
remainder of August and September.

During 1995, no ripe L. vittata were taken un-
til late April (Table 1). Water temperatures fluc-
tuated greatly during April and May and were
3-6 C lower than those of the previous year. The
variation in population frequency of sexually
mature males also fluctuated during May, and
no ripe females were collected until 26 May.
The cool conditions resulted in a 2-3 week de-
lay in the development of ripe females during
1995 and reduced the size of age-0 fish by as
much as 14 mm TL; fish overwintered at < 40
mm TL. The frequency of ripe L. vittata de-
clined throughout the summer with no ripe
males or females collected after early July (Ta-
ble 1).

Spawning was first observed in the stream be-
tween 16 and 20 May during 1994, whereas
spawning was delayed by at least two weeks in
1995 (Fig. 1). Spawning runs into the stream
typically occurred between 1030 and 1530 h,
and frequently coincided with the period when
the stream mouth was in direct sunlight. Fish
were rarely observed in the stream prior to and
after this period, and no spawning was observed
at night with indirect light from flashlights.
Light energy at the water surface near the
stream mouth ranged from 2000 to 2400 nE
m~2 57! during active spawning, and water tem-
perature ranged from 19 C to 22 C.

At the onset of spawning, small schools (10-
40) of adult fish separated from larger schools
of up to 120 fish and ascended the stream. Typ-
ically, a group of 10-15 males hovered around
one gravid female over gravel substrata, each
periodically bumping and nibbling the vent re-
gion of the female. Over 95% of the males par-
ticipating in the spawn were ripe, and at least
75% of the females were gravid. Spawning fish
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TABLE 1.

COPEIA, 1998, NO. 4

MEAN WATER TEMPERATURE (* SE) IN THE ToP 1 m OF THE WATER COLUMN, SECCHI DEPTH (cm),

PERCENT RIPE ADULT MALES AND PERCENT GRAVID ADULT FEMALES IN THE ARBORETUM POND NEAR FLAGSTAFF,
ARIZONA, FOR SELECTED DATES DURING 1994 AND 1995. * Reduction in light penetration due to cyanobacteria
bloom. Number of fish examined for each sex on each date is in parentheses following percentages.

% temperature (C) Secchi depth % ripe males % gravid females

Date in top meter (cm) (= 70 mm TL) (= 80 mm TL)
04/06/94 125+ 0.9 48 0.0 (28) 0.0 (22)
04/14/94 15.8 £ 0.8 70 10.2 (32) 0.0 (31)
04/26/94 164 * 1.4 70 58.3 (89) 0.0 (63)
05/07/94 16.0 = 1.2 70 75.0 (69) 98.0 (57)
05/23/94 162 + 1.0 90 82.4 (82) 91.0 (63)
06/01/94 183 + 0.5 225 98.0 (53) 50.0 (48)
06,/08/94 185 + 0.2 230 97.2 (63) 18.2 (36)
06/14/94 19.1 = 0.2 235 49.2 (39) 11.0 (33)
06/28/94 20.0 + 0.2 235 34.7 (34) 9.1 (29)
07/27/94 19.6 * 0.3 300 30.0 (78) 12.5 (71)
08/02/94 20.8 + 0.3 300 7.1 (54) 7.7 (42)
08/25/94 22.7 0.2 300 0.0 (59) 0.0 (50)
09/28/94 159 = 0.2 300 0.0 (51) 0.0 (34)
11/11/94 6.1 = 0.06 350 0.0 (18) 0.0 (12)
02/17/95 1.8 = 0.03 ice cover 0.0 (31) 0.0 (26)
04/05/95 124 * 1.1 90 0.0 (163) 0.0 (121)
04/28/95 77*13 24 2.4 (99) 0.0 (58)
05/09/95 108 = 1.2 39 4.7 (43) 0.0 (54)
05/19/95 133 £ 1.4 55 30.9 (127) 0.0 (98)
05/22/95 173 £ 1.3 55 8.7 (56) 0.0 (47)
05/26/95 13.6 = 0.9 60 37.0 (72) 5.6 (63)
05/28/95 14.3 £ 0.9 65 43.9 (81) 15.7 (57)
06/05/95 175 = 1.2 80 45.5 (72) 14.3 (59)
06/21/95 21.7 £ 1.0 115 32.3 (91) 0.0 (82)
07/03/95 19.8 £ 0.5 300 19.4 (45) 0.0 (48)
08/02/95 20.6 = 1.1 60* 0.0 (44) 0.0 (38)
09/08/95 19.7 * 0.4 65* 0.0 (43) 0.0 (45)
10/04/95 143 = 0.3 121 0.0 (38) 0.0 (31)
10/30/95 10.2 £ 0.5 255 0.0 (86) 0.0 (57)

* Reduction in light penetration resulted from a dense cyanobacteria bloom of Anabaena circinalis Rabh. and/or A. spiroides v. crassa Lemm.

were highly tuberculate and exhibited brightly
colored orange-red patches at the base of their
paired fins with the patches more intense on
males than on females.

Indentations were formed in the gravel and
substrata were cleared of sediment by swarming
adults at spawning sites. During spawning, males
and females were side by side, on top of each
other, twisting around each other, with rapid
posterior movements, and occasional dorsal-
ventral inversions that flashed the silvery side of
the fish. In some instances, males were nose
down in the substratum with caudal fins emerg-
ing from the stream during the spawning event.
Bouts of spawning behavior typically lasted for
10-20 min for each pair.

Eggs stripped from females during spawning
were in a sticky mass. In one large gravid female
(97 mm in TL; 10.13 g), nearly 1 g of egg mass
was artificially expressed. Mature eggs (1.0-1.3

mm in diameter) were yellow to orange-red in
color, whereas immature eggs where white to
pale yellow.

Spawning occurred over substrata with mean
stone diameters of 6.4 mm (% 0.37), with small-
est stones about 2 mm and largest stones up to
16 mm. No spawning was observed in stream
pools with fine sediment, in coarse gravel (> 25
mm in diameter), in aquatic vegetation or over
gravel trays placed around the shoreline of the
pond. In contrast, heavy spawning activity oc-
curred over gravel trays placed in the stream,
with over 100 fertilized eggs retrieved from
trays. Typically, ripe females spawned over sub-
strata with mean current velocities of 14.2 cm
s7! (SE * 0.3) and average water depths of 3.8
cm (SE * 0.1). Based on the size structure of
the population, we estimated three spawns oc-
curred between May and mid-June during 1994
and 1995.
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Fig. 1. Size frequency distribution of the captive Little Colorado spinedace (Lepidomeda vittata) population
in the Arboretum pond at Flagstaff, Arizona, during 1994 and 1995.

Larvae were first observed in the stream and
stream/pond interface within five days after
spawning. Newly hatched larvae ranged from 6
7 mm in TL and weighed = 0.004 g; fins were
formed when fish were = 11 mm TL. All larvae
moved into the pond and remained along the
shallow shoreline (< 2 cm in water depth) near
aquatic vegetation, especially floating algal
mats. Fish moved into deeper water once they
attained = 20 mm in TL. Larvae and/or juve-
niles (11-20 mm) did not remain in the stream.

Fish aggregated at their smallest larval stage
and immature L. vittata (20-25 mm in TL) ex-
hibited a schooling behavior which persisted
into adulthood. At 20-25 mm TL, fish were ob-
served swimming in schools of up to 60 fish
near the shore in water depths of = 40 cm. No
fish < 25 mm in TL were collected in water >
0.75 m in depth. All fish moved away from the
shoreline into deeper water (> 1.5 m) by early
October when the anaerobic zone disappeared
from the pond bottom.

The original L. vittata transplants (2 Sept.
1992) were typically = 100 mm in TL by Novem-
ber 1993; the average TL of introduced fish was
85.9 mm (SE * 1.7). The transplants were
readily identified through 8 September 1995,
however, were increasingly difficult to discern

by early 1995 due to recruitment by 1993 co-
horts (Fig. 1). Our tracking of the transplants
over the two years of study suggested that L. vit-
tata has a lifespan of at least four years of age.
Distinct cohorts of L. vittata were identified
over the two-year period (Fig. 1). There was a
linear increase in modal size for each cohort
throughout the summer and early fall. The
modal size of each cohort increased 3—4 mm in
TL per week between late May and late August.
Fish attained about 50% of their adult TL in two
months. Growth rate was reduced to = 2 mm
in TL per month between mid-September and
the end of November with little growth during
ice cover. The relationship (2 = 0.996) between
TL and SL is expressed by the equation: SL =
0.809 - TL + 0.992. The modal fish weight in
the first cohort during 1994 was 0.32 g after one
month, 1.47 g after two months, and 2.2 g per
fish after three months. A similar rate of growth
occurred during 1995. Most fish = 100 mm in
TL were females (78%). The linear relationship
between weight and SL for male and female fish
was In(weight) = 3.147 - In(SL) —11.491. There
were no significant differences between slope (F
= 1.11, P = 0.292) and intercept (F = 0.006, P
= 0.938) for male and female regression lines.
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DiscUSsSION

Our observations suggest that subtle interac-
tions between water temperature, photoperiod,
and hydrology were important proximate cues
in the reproductive development and spawning
readiness of the captive L. vittata population. A
few males were ripe at 10 C; however, temper-
atures for maturation were = 14 C, whereas fe-
males were not ripe until temperatures were =
16 C. The highest frequency of reproductive
maturation and spawning behavior occurred in
May and June for both years. This agrees with
field observations by Minckley and Carufel
(1967) and C. O. Minckley (pers. comm.). The
average day length during May—June in the geo-
graphic range of L. vittata is about 14.5 h, and
stream temperatures range from 16 to 20 C
(Blinn et al., 1981; Duncan and Blinn, 1989;
Oberlin, 1995). This period coincides with a
time of high food resources due to high pro-
ductivity.

Males of the captive population were ripe at
~70 mm TL, whereas females were normally
not ripe until 80 mm TL. These observations
concur with field collections of L. vittata in Nu-
trioso Creek where a few ripe females < 64 mm
TL had mature eggs (1.0-1.3 mm); however,
most ripe females were > 75 mm TL (Blinn and
Runck, unpubl). Immature females (40-50
mm) from Nutrioso Creek had gonadal weights
< 0.02 g and immature eggs that ranged from
0.02-0.05 mm in diameter, whereas females with
mature eggs had gonadal weights > 0.5 g with
eggs ranging from 1.0-1.2 mm. The heaviest go-
nadal weights for male and females in Nutrioso
Creek were 0.77 g (11.54 g body weight) and
2.89 g (14.39 g body weight), respectively (DWB
and C. Runck, unpubl.). Average gonadosomat-
ic indices for ripe male (n = 15) and female (n
= 21) L. vittata in Nutrioso Creek were 4.5%
(SE = 0.5) and 11.1% (SE = 1), respectively.
Minckley and Carufel (1967) collected imma-
ture and mature eggs (0.98-1.13 mm in diam-
eter) from females in the Little Colorado River
in May with egg numbers ranging from 650 in
smaller fish (50-60 mm SL) to 5600 in larger
fish (approximately 100 mm SL).

Due to the importance of temperature in the
reproductive development of L. vittata, subtle
year-to-year differences in regional weather pat-
terns and/or total degree days may greatly in-
fluence cohort survivorship and recruitment.
Even a 2-3 week delay in spring warming can
reduce the size of age-0 fish by as much as 14
mm TL and reduce the overwintering size of
juveniles. Maximum size is important for over-
wintering survival because smaller age-0 fish typ-
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ically store fewer winter lipid reserves than larg-
er fish and utilize these reserves more rapidly
because of relatively higher weight-specific met-
abolic rates (Oliver et al., 1979; Shuter et al.,
1980; Thompson et al., 1991). Therefore, subtle
differences in weather patterns in the Southwest
may contribute to the highly variable year-to-
year distribution and sporadic abundance of L.
vittata populations throughout their geographic
range.

The observed period of spawning by the cap-
tive L. vittata population during May and early
June coincides with periods of high discharge
in many southwestern streams (Fisher and
Minckley, 1978; Blinn et al., 1981; Duncan and
Blinn, 1989). In addition to increasing water
temperatures, these periods of predictable high
flows correspond with other conditions that
may enhance reproductive efforts of L. vittata
including increased water levels and hydrologic
continuity, removal of fine sediments over
spawning sites, increased invertebrate drift for
food, increased turbidity which reduces visibility
by predators, and elevated dissolved oxygen due
to turbulence. It is not uncommon to find
spawning of other cyprinids closely linked to
spring flows and the above concomitant events
(Kaeding et al., 1990; Tyus, 1991; Harvey et al.,
1993). Based on observations of the captive L.
vittata population, spawning occurred in mod-
erate flows over gravel beds and not in standing
water with fine sediments.

Minckley and Carufel (1967) suggested that a
single female L. vittata may spawn several times
per year based on observations of mature ova-
ries. Although we were not able to discern mul-
tiple spawns from single females, it appeared
that up to three spawns occurred in the captive
population each year. However, the last spawn
was typically of shorter duration and yielded
fewer numbers. Multiple spawnings are likely
determined, in part, by the amount of food
available for these opportunistic feeders
(Minckley and Carufel, 1967; Runck and Blinn,
1993).

The captive L. vittata population provided an
opportunity to study the reproductive ecology
and general behavior of a threatened native fish
population in the absence of other fish species.
This was especially helpful due to the difficulty
in taxonomically separating larvae and fry from
other cyprinid species in the field. Previously,
the sporadic occurrences of L. vittata in nature
made it difficult to locate and monitor. Al-
though conditions in the Arboretum pond were
somewhat artificial, the general spawning and
behavior patterns concurred with those of wild
populations.



BLINN ET AL.—SPINEDACE GROWTH AND REPRODUCTION

ACKNOWLEDGMENTS

We thank T. Cain, C. Graham, L. Harty, and
T. Zimmerman for assistance with field collec-
tions and observations. We also thank W. Hite
and especially S. Strohmeyer for their assistance
in the field and A. Haden for statistical assis-
tance. C. Runck assisted in earlier phases of the
study, and O. Gorman and C. O. Minckley pro-
vided helpful comments on earlier drafts of the
manuscript. The study was funded in part by
Northern Arizona University, Coconino Nation-
al Forest, and U.S. Fish and Wildlife Service. All

1015

OBERLIN, G. 1995. Aquatic invertebrates in Monte-
zuma Castle National Monument: response to phys-
icochemical parameters. Unpubl. master’s thesis.
Northern Arizona Univ., Flagstaff.

OLIVER, . D., G. F. HoLETON, AND K. E. CHUA. 1979.
Overwinter mortality of fingerling smallmouth bass
in relation to size, relative energy stores, and envi-
ronmental temperature. Trans. Am. Fish. Soc. 108:
130-136.

RINNE, J. N., AND M. ALEXANDER. 1995. Non-native
salmonid predation on two threatened native spe-
cies: preliminary observations from field and labo-
ratory studies. Proc. Desert Fish Council 26:114-
116.

collections were made on permit CNO000000237, =+ RUNCK, C., AND D. W. BLINN. 1993. Seasonal diet of

Coconino National Forest and holding permit
601-7-93-0000093 Arboretum at Flagstaff.

LITERATURE CITED

BLinN, D. W., M. HURLEY, AND L. BROKAW. 1981. The
effect of saline seeps and restricted light upon the
seasonal dynamics of phytoplankton communities
within a southwestern (USA) desert canyon stream.
Archiv Hydrobiol. 92:287-305.

, C. RUNCK, D. A. CLARK, AND J. N. RINNE. 1993.
Effects of rainbow trout predation on Little Colo-
rado spinedace. Trans. Am. Fish. Soc. 122:139-143.

DUNCAN, S. W., AND D. W. BLINN. 1989. Importance
of physical variables on the seasonal dynamics of
epilithic algae in a highly shaded canyon stream. J.
Phycol. 25:455-461.

FISHER, S. G., AND W. L. MINCKLEY. 1978. Chemical
characteristics of a desert stream in flash flood. J.
Arid Environ. 1:25-33.

HARVEY, M. D., R. A. MUSSETTER, AND E. J. WIcK. 1993.
A physical process biological-response model for
spawning habitat formation for the endangered
Colorado squawfish. Rivers 4:114-131.

KAEDING, L. R., B. D. BURDICK, P. A. SCHRADER, AND
C. W. Mcapa. 1990. Temporal and spatial relations
between the spawning of humpback chub and
roundtail chub in the Upper Colorado River. Trans.
Am. Fish. Soc. 119:135-144.

MILLER, R. R. 1961. Man and the changing fish fauna
of the American Southwest. Pap. Mich. Acad. Sci.
Arts Lett. 46:365-404

. 1963. Distribution, variation and ecology of
Lepidomeda vittata, a rare cyprinid fish endemic to
eastern Arizona. Copeia 1963:1-5.

MINCKLEY, W. L. 1973. Fishes of Arizona. Sims Pub-
lishing, Phoenix, AZ

, AND L. H. CARUFEL. 1967. The Little Colo-

rado spinedace, Lepidomeda vittata, in Arizona.

Southwest. Nat. 13:291-302.

Lepidomeda vittata, a threatened cyprinid fish in Ar-
izona. Southwest. Nat. 38:157-159.

SHUTER, B. J., ]J. A. MacLEAN, F. E. J. Fry, AND H. A.
REGIER. 1980. Stochastic simulation of temperature
effects on first-year survival of smallmouth bass.
Trans. Am. Fish. Soc. 109:1-34.

SNYDER, D. E. 1992. Fish eggs and larvae, p. 165-197.
In: Fisheries techniques. L. A. Nielsen and D. L.
Johnson (eds.). 4th ed. American Fisheries Society,
Bethesda, MD.

THOMPSON, J. M., E. P. BERGERSEN, C. A. CARLSON, AND
L. R. KAEDING. 1991. Role of size, condition, and
lipid content in the overwinter survival of age-0
Colorado squawfish. Trans. Am. Fish. Soc. 120:346-
351.

Tyus, H. M. 1991. Ecology and management of Col-
orado squawfish, p. 379-404. In: Battle against ex-
tinction: native fish management in the American
West. J. E. Deacon and W. L. Minckley (eds.). Univ.
of Arizona Press, Tucson.

U.S. FisH AND WILDLIFE SERVICE. 1987. Final rule to
determine Lepidomeda vittata to be a threatened
species with critical habitat. Fed. Reg. 179:35034—
35041.

WHEELER, G. M. 1889. Report upon United States
geographical survey west of the one hundreth me-
ridian. Vol. 1. Geographical Report, Washington,
DC.

ZAR, ]. H. 1984. Biostatistical analysis. Prentice-Hall,
Inc., Englewood Cliffs, NJ.

DEPARTMENT OF BIOLOGICAL SCIENCES, NORTHERN
ARIZONA UNIVERSITY, FLAGSTAFF, ARIZONA
86011. PRESENT ADDRESS: (JW) JICARILLA GAME
AND FisH, PO Box 313, DuLce, NEw MEXico
87528-0313. E-mail: Dean.Blinn@nau.edu. Send
reprint requests to DWB. Submitted: 8 Aug.
1997. Accepted: 1 April 1998. Section editor: S.
T. Ross.



	Article Contents
	p. [1010]
	p. 1011
	p. 1012
	p. 1013
	p. 1014
	p. 1015

	Issue Table of Contents
	Copeia, Vol. 1998, No. 4 (Dec. 30, 1998), pp. 827-1170
	Volume Information [pp.  1129 - 1170]
	Front Matter
	Morphometrics of Trophic Osteology in the Threespine Stickleback, Gasterosteus aculeatus [pp.  827 - 838]
	Geographic Variation, Species Recognition, and Molecular Evolution of Cytochrome Oxidase I in the Tropidurus spinulosus Complex (Iguania: Tropiduridae) [pp.  839 - 851]
	Evolutionary Relationships of Pupfishes in the Cyprinodon eximius Complex (Atherinomorpha: Cyprinodontiformes) [pp.  852 - 865]
	Reproductive Cycles of the Grass Lizard, Takydromus hsuehshanensis, with Comments on Reproductive Patterns of Lizards from the Central High Elevation Area of Taiwan [pp.  866 - 873]
	Ouachita Madtom (Noturus lachneri) Metapopulation Dynamics in Intermittent Ouachita Mountain Streams [pp.  874 - 882]
	Molecular Approaches to Phylogeny of Abronia (Anguidae: Gerrhonotinae), with Emphasis on Relationships in Subgenus Auriculabronia [pp.  883 - 892]
	Daily Migrations of a Coral Reef Fish in the Red Sea (Gulf of Aqaba, Israel): Initiation and Orientation [pp.  893 - 905]
	Evidence of Retinal Light Damage in Rana cascadae: A Declining Amphibian Species [pp.  906 - 914]
	Population and Survival Estimates of Catostomus latipinnis in Northern Grand Canyon, with Distribution and Abundance of Hybrids with Xyrauchen texanus [pp.  915 - 925]
	Density Dependence in a Larval Salamander: The Effects of Interference and Food Limitation [pp.  926 - 935]
	Developmental Changes in Visual Sensitivity of Red Drum, Sciaenops ocellatus [pp.  936 - 943]
	Ecology of the Chinese Stripe-Necked Turtle, Ocadia sinensis (Testudines: Emydidae), in the Keelung River, Northern Taiwan [pp.  944 - 952]
	Feeding Morphology, Diet, and Ecomorphological Relationships among Five Caribbean Labrids (Teleostei, Labridae) [pp.  953 - 966]
	New Salamander of the Genus Plethodon from Mississippi [pp.  967 - 970]
	Vertebral Column Morphology, C-Start Curvature, and the Evolution of Mechanical Defenses in Tetraodontiform Fishes [pp.  971 - 984]
	Second Species of Psyllophryne (Anura: Brachycephalidae) [pp.  985 - 987]
	Habitat Preferences of the Rainbow Darter, Etheostoma caeruleum, with Regard to Microhabitat Velocity Shelters [pp.  988 - 997]
	Rhamdia macuspanensis: A New Species of Troglobitic Pimelodid Catfish (Siluriformes; Pimelodidae) from a Cave in Tabasco, Mexico [pp.  998 - 1004]
	New Species of Pogonophryne (Pisces, Artedidraconidae) from the Ross Sea, Antarctica [pp.  1005 - 1009]
	Shorter Contributions
	Reproductive Ecology and Growth of a Captive Population of Little Colorado Spinedace (Lepidomeda vittata: Cyprinidae) [pp.  1010 - 1015]
	Metabolic Cost of Development in One of the World's Smallest Lizard Eggs: Implications for Physiological Advantages of the Amniote Egg [pp.  1016 - 1020]
	Morphology of the Hatching Glands in Betta splendens (Teleostei: Perciformes) [pp.  1021 - 1026]
	Acquired Recognition of Chemical Stimuli from an Unfamiliar Predator: Associative Learning by Adult Newts, Notophthalmus viridescens [pp.  1027 - 1031]
	Laterophysic Connection: A Unique Link between the Swimbladder and the Lateral Line System in Chaetodon (Perciformes: Chaetodontidae) [pp.  1032 - 1036]
	Mitochondrial DNA Divergence Suggests That Podarcis hispanica atrata (Squamata: Lacertidae) from the Columbretes Islands Merits Specific Distinction [pp.  1037 - 1040]
	Homology of the Anterior Vertebrae, Ribs, and Dorsal Fin Pterygiophores and Rays in Congrogadine Fishes (Perciformes: Pseudochromidae) [pp.  1041 - 1045]
	Systematic Status of the San Marcos Salamander, Eurycea nana (Caudata: Plethodontidae) [pp.  1046 - 1049]
	Pharyngeal Tooth Remains of the Genus Cyprinus, Including an Extinct Species, from the Akanoi Bay Ruins [pp.  1050 - 1053]
	Standard Evaporative Water Loss and Metabolism of Juvenile Varanus mertensi (Squamata: Varanidae) [pp.  1054 - 1059]
	Pressure as a Limit to Bloater (Coregonus hoyi) Vertical Migration [pp.  1060 - 1063]
	Origin of Green Turtles, Chelonia mydas, at "Sleeping Rocks" off the Northeast Coast of Nicaragua [pp.  1064 - 1069]
	Potential Fecundity of Landlocked Sea Lamprey Larvae, Petromyzon marinus, with Typical and Atypical Gonads [pp.  1070 - 1075]
	Female Reciprocal Calling in a Costa Rican Leaf-Litter Frog, Eleutherodactylus podiciferus [pp.  1076 - 1080]
	Lack of Evidence for the Validity of Rhinichthys bowersi (Cyprinidae) [pp.  1081 - 1085]
	High Pivotal Temperature in the Sex Determination of the Olive Ridley Sea Turtle, Lepidochelys olivacea, from Playa Nancite, Costa Rica [pp.  1086 - 1088]
	Head and Body Size Relationships in Polymorphic Tiger Salamander Larvae from Colorado [pp.  1089 - 1093]
	Efficacy of Using Scute Annuli to Determine Growth Histories and Age of Gopherus polyphemus in Southern Alabama [pp.  1094 - 1100]
	Spermatozoon Ultrastructure in the Internally Self-Fertilizing Hermaphroditic Teleost, Rivulus marmoratus (Cyprinodontiformes, Rivulidae) [pp.  1101 - 1106]

	Comments
	Comments on Basal Teleosts and Teleostean Phylogeny, by Gloria Arratia [pp.  1107 - 1109]
	Basal Teleosts and Teleostean Phylogeny: Response to C. Patterson [pp.  1109 - 1113]

	Book Reviews
	untitled [pp.  1114 - 1116]
	untitled [pp.  1116 - 1117]
	untitled [pp.  1117 - 1118]
	untitled [pp.  1118 - 1119]
	untitled [pp.  1120 - 1121]

	Obituaries
	Pere Alberch, 1954-1998 [pp.  1122 - 1124]

	Editorial Notes and News [p.  1125]
	Back Matter [pp.  1126 - 1128]



